INTRODUCTION
The parametric receiving array consists of two acoustic elements and some electronics.
•.2 One of the elements, called the pump, is active. It transmits sound, of known directional and spectral character, which, through its nonlinear interaction with another, unknown sound field, due to the so-called source, results in the generation of a third sound field. This nonlinearly, or parametrically, generated sound field is detected by the other, passive element, or hydrophone.
No matter what is known about the source field, the alignment of source and pump fields is, in general, only approximate. Similarly, the alignment of hydrophone and pump is generally imperfect. Problems with alignment may be particularly acute for the kind of application envisaged by Chotiros. 3 In this, the noise radiated by a vessel underway is measured through its parametric interaction with the highfrequency sound field from an ad hoc vessel-borne pump transducer. The nonlinearly generated sound is detected by a remote hydrophone. The approximate direction of the vessel noise is outwards, but the precise direction is undoubtedly both frequency and speed dependent. Thus there may not be a definite condition of source-pump alignment that applies either to a single frequency at all vessel speeds or to the band of radiated frequencies at a single speed. Positioning of the hydrophone in the narrow beam of the pump transducer is fraught with its own error sources, e.g., those due to vessel movement, ambient noise, and sea state.
Thus the condition of optimal performance: perfect alignment of pump, source, and hydrophone, is highly unlikely. But what is the precise effect of misalignment on the performance of the parametric receiving array? That is the question to be addressed here.
Most previous studies, in one way or another, have neglected diffraction in describing the noncollinear interaction of pump and source waves. Examples include the popular models of a planar source wave and a pump wave that is either collimated 4'5 or spherical. 6'? Neither model can describe the parametric fields produced in the nearfield of the source or relate the farfield solution to the acoustic field on the source. Rolleigh, however, has noted the importance of accounting for diffraction when the hydrophone is in the interaction region and the primary beams are not collimat- In this study, the pump and source are again represented by circular transducers, but with independent Gaussian or uniform amplitude shading. The pump transducer is asSumed to be physically steered, although this could also be accomplished by linear phase shading without loss of generality. In addition to studying some of the same effects consid- The parabolic approximation is also used in describing the acoustic field resulting from the parametric interaction of the primary fields. This assumes that the angle of intersection of the primary fields is not too large.
In addition to these general assumptions, a number of particular assumptions are made in reducing the cited equation. These are that the primary fields are due to concentric, planar, circular transducers and that the medium is nondissipative and nondispersive. Thus the wavenumber k and radius a of each transducer, denoted with the subscripts 1 and 2 for the respective higher-frequency pump and lower-frequency source, are such that ka >> 1. In practice, the lower limit of applicability is about 3. Additionally, the shading functions of the transducers are axisymmetric. In terms of the radial distance x, measured in the plane of the transducer from the transducer center, the amplitude function q(x) of pump and source can be expressed as q• =q•(x•) and q2 = q2(x2), respectively. Also, the medium is described by just three properties: the static density Po, small-amplitude sound speed Co, and nonlinearity parameter/3 = 1 + B/2,4. Neglect of absorption in this work may be remedied in the future. For the case of axisymmetric pump and source transducers, the integration required for evaluating the difference frequency sound-pressure amplitude will then be fourfold. However, the directivity patterns in Figs. 2 and 4 should be changed only slightly. The results in Fig. 3 , which show the range dependence of the difference frequency pressure along the pump axis, will, in general, change significantly for typical high pump frequencies. This is because the distance increases from one-tenth to one hundred times the Rayleigh distance of the source transducer. The relative effects of misalignment of pump and source, however, may be expected to remain similar to those in Fig. 3 . As noted in Sec. I, the parabolic approximation was used several times in the development of the general theory.
While this is a fundamental limitation, and prevents examination of the effects of misalignment or noncollinearity much outside of the paraxial region, this does not affect the practical conclusions to be drawn from the numerical results. These are ( 1 ) that the parametric receiving array performs best when the pump, source, and hydrophone are aligned, (2) that the pump frequency ought to be much higher than the source frequency, and (3) that the hydrophone ought to be located within about one Rayleigh source 
